Objectives. To survey the instructors of clinical pharmacokinetics at all schools and colleges of pharmacy in order to characterize the current state of the art in clinical pharmacokinetics instruction. Methods. All AACP member schools were surveyed regarding both curricular and content issues concerning their institution's pharmacokinetics courses. Survey questions were asked in 4 categories: course curricular information such as credit hours and textbooks used; course design issues describing teaching methods used; specific course content including drugs covered; and web-based resources. Results. Sixty-five institutions responded to this survey. Results indicated a wide variation between institutions in both the curricular design and content for these courses. Conclusions. Curricular and course content of pharmacokinetic courses throughout the country vary widely and incorporate innovative teaching methods. Faculty can identify areas for potential course improvement by comparing their course offerings with the results of this national survey.
INTRODUCTION
The practice of clinical pharmacokinetics has evolved tremendously over the past 2 to 3 decades, originating in large, research-focused teaching hospitals and is now accepted as a routine pharmacy-based consult service that is mandated by the Joint Commission on Accreditation of Health Care Organizations (JCAHO). 1 Hospital-based clinical laboratories are now able to routinely assay serum for many commonly used drugs with narrow therapeutic indices thus expanding opportunities for clinical pharmacokinetic applications. Such capabilities have necessitated that the clinical pharmacokinetics curricula of schools and colleges of pharmacy keep pace with these rapidly evolving practice patterns. Both pharmacy students and practicing pharmacists depend on academia to provide them with these necessary skills, either as a requirement for graduation or through various continuing education programs and workshops.
Our objective in this study was to survey the instructors of clinical pharmacokinetics at all schools and colleges of pharmacy in order to characterize the current state of the art in clinical pharmacokinetics instruction. These results could then be used by each individual college to identify areas for potential course improvement by comparing their course offerings with the results of this national survey. Section 2 of the survey instrument included 7 questions centered on course design issues such as use of outside expert lecturers, use of calculus-based model derivations, and use of various teaching methods. This section also included questions related to specific student expectations such as required memorization of pharmacokinetic equations for course examinations, and whether the use of both graphing and programmable calculators is permitted/required.
The third survey section dealt with specific course content. Instructors were asked to identify from a list of 15 drugs which agents were covered in their courses, and in some instances which specific CPK dosing method(s) were taught. Instructors were also asked if they taught the communication skills of order writing in patient medical records, and skills in preparing appropriate written clinical consults often associated with pharmacokinetics applications. Lastly, instructors were asked to list any other subjects taught in their course.
The last section included questions for instructors to identify any web-based resources they used and asked them if they wanted to be included in a closed listserv to be developed for pharmacokinetics course instructors.
Associate deans for instruction at all American Association of Colleges of Pharmacy (AACP) member schools with American Council on Pharmaceutical Education (ACPE) accredited Doctor of Pharmacy (ie, PharmD) programs, were contacted via e-mail and asked to provide the name of the clinical pharmacokinetics instructor in their respective institutions. These instructors were then contacted by e-mail to briefly explain the purpose of the study and to gain permission to send them our survey instrument. To those instructors who consented, surveys were sent via e-mail as an attached file containing a Microsoft Word electronic form for completion and instructions to return the form by e-mail to the primary investigator. Instructors who did not return their surveys within 6 weeks were recontacted up to 2 times. For those institutions providing consent that had still not responded after 3 months, a survey and a letter requesting assistance with survey completion was 
RESULTS
Sixty-five of the 82 institutions returned their survey instrument during the first quarter of 2002, resulting in an 80% response rate. Table 1 identifies the results pertaining to the major curricular survey questions of credit hours, number of courses taught, professional year course taught, prerequisites, stand-alone vs integrated course, degree and discipline of course coordinator, percent of course that is math vs clinical information, and required textbooks.
A compilation of various course design issues relating to specific requirements of enrolled students is presented in Table 2 . Model derivations using calculus presented by the instructor and required of the students are assessed. The requirement/permission to use programmable and graphing calculators as well as memorization of equations is also presented. The use of guest lecturers and the various teaching methof guest lecturers and the various teaching methods used for lectures and labs are also presented. Table 3 shows the number and percent of all courses that included topics on dosing of specific drugs along with dosing method(s) that were taught where applicable. Specific drugs included in this survey section were aminoglycosides, vancomycin, theophylline, antiepileptics, digoxin, immunosupressants, anticoagulants, and psychoactive drugs. The communication skills of order writing and clinical consult preparation are also presented. Tables 4 and 5 list 13 additional teaching methods used and 15 additional PK topics taught by at least one course coordinator.
In addition to specific college-based course websites using programs such as WebCT or Blackboard.com, 10 instructors developed specific course websites containing various instructional materials such as problem sets, examples, cases, and quizzes, as shown in Table 6 . Lastly, most instructors indicated their desire to participate in a closed listserv designed specifically for 
DISCUSSION Curricular Information
It is most difficult to determine the number of either basic or clinical pharmacokinetics courses and credit hours offered by each college because many instructors answered this survey question by describing both their required and elective course offerings, as well as often indicating that some material is also integrated into their phamacotherapy courses. However, most colleges offer 2 or more courses in pharmacokinetics, with an average total semester equivalent credit for all their pharmacokinetic courses of 5.8 hours. The average semester equivalent credit for the clinical or applied CPK courses taught by these instructors is 3 hours.
Almost all of the specifically identified clinical pharmacokinetics courses are taught as 'stand-alone' courses with about half taught in the second professional year and most of the remainder taught in the third year. As expected, courses in biopharmaceutics and basic pharmacokinetics accounted for the majority of these CPK course prerequisites, with only a small number of other prerequisites listed. Forty percent of course instructors reported having the PhD degree, mostly in biopharmaceutics/pharmacokinetics, while about 60% Table 4 . Additional Teaching Methods Mentioned
• Debates of PK topics along with submission of written debate paper
• Critically evaluate a published pharmacokinetics article assigned by the instructor
• Write a policy and procedure to monitor a drug (eg, once daily aminoglycosides)
• Write a review article on the effects of a disease state on pharmacokinetics
• Write a review of the pharmacokinetics of a drug
• Student must write several consultative notes possess the PharmD degree. Several course instructors had both degrees. There was a wide variation in the percentage of time committed to mathematical versus nonmathematical concepts. However, the average percent time committed to math-related vs. non-mathrelated concepts was quite similar, (37% + 20 %, and 40% + 18 %, respectively). 
Course Design
Most instructors neither indicated they 'derive' nor required students to derive CPK models using calculus. Most instructors did not require students to memorize dosing equations, while slightly less than half allowed the use of programmable calculators for examinations. Only 2 instructors required students to use graphing calculators, but one additional instructor indicated that use of a graphing calculator would be a new requirement for their entering first-year class. Approximately two thirds of instructors required reading from a textbook, while about half required readings from the primary literature. Although laboratory experiences are seldom included, recitation sessions have been incorporated into almost one half of surveyed programs. Computer assignments were required by approximately one half of instructors and both simulated and actual patient cases were commonly used. Expert guest lecturers were used by a majority of instructors. Guest lecturers typically were practitioners with a subspecialty in a specific field, such as The instructors mentioned many other teaching methodologies, including the common use of assigned individual or group student projects.
Specific Course Content
For aminoglycoside antibiotics, both traditional and once daily dosing was universally taught by all instructors, while traditional, equation-based methods of vancomycin dosing were taught in most courses. Vancomy-cin nomogram dosing using Matzke's nomogram 2 was taught in slightly over one third of courses, and the CDC vancomycin prudent use guidelines 3 were taught by one fourth of instructors. Approximately three fourths of instructors taught the oral absorption model for theophylline dosing, while slightly over one half taught theophylline/aminophylline dosing via the continuous intravenous infusion model. Phenytoin was the most common antiepileptic agent that was taught, with greater than two thirds of instructors teaching phenytoin pharmacokinetics using Michaelis-Menten kinetics equations (MME). Phenytoin modeling used all 3 MME methods; population parameters only for Km and Vmax, as well as MME based on both 1 or 2 steady-state serum drug concentrations.
Interestingly, phenytoin dosing using Bayesian pharmacokinetics was taught in only one fourth of these courses. Valproic acid, phenobarbital, and carbamazepine dosing was taught in approximately one half of these courses. Digoxin and procainamide were the most commonly taught antiarrhythmics and cyclosporine was the most commonly taught immunosuppressive. Heparin and warfarin dosing was taught in less than one third of courses, while lithium was the only psychoactive drug that was routinely covered. The communication skills of order writing and clinical consult preparation were also taught in less than one third of courses.
Most instructors indicated they used some type of out-of-class assignment to promote the active learning process. The most commonly cited assignments involved both group and individual in-class presentations involving a selected pharmacokinetic topic or patient case discussion. In addition, many instructors used computer-based assignments for topics such as drug-modeling, dosing exercises, and practice problem sets. Written exercises in the form of minireviews of a special topic, poster presentations, and clinical consult preparation were also commonly used. Additional specific topics listed included drug dosing in special populations (eg, renal /hepatic insufficiency, elderly, neonate), hepatic metabolism and protein binding and their associated drug interactions, and clinical application skills such as assay methodology and clinical interpretation, and drug-specific clinical outcomes.
Web-based Resources
This closed listserv "Instructors in Pharmacokinetics has now been developed. Instructors can be added to the closed list by contacting the author.
CONCLUSIONS
Curricular and course content of pharmacokinetic courses throughout the country vary widely, and incorporate a many innovative teaching methods as described here. Instructors can use this information to help validate their current course offerings and content compared to those CPK skills other institutions have determined are needed by their students upon graduation. There is a continual need for curricular exploration among instructors and practitioners.
